Eight bushbabies were subjected to an extensive series of hand preference trials in which they were required to reach for a raisin from a rotating platform approaching from the rightor left-hand side of their visual field. Three principal types of behavior were observed. Several individuals known to be stable in hand preference continued to show a strong preference for a single hand. Another group, including some previously categorized as stable, exhibited ''ambidextrous'' cross-body reaching behavior. One individual exhibited far more complex behavior, being ambidextrous at low and very high speeds but lateralized at intermediate speeds. A straightforward adaptation of the dynamical neural field theory of Schöner et al. (1997) provides a model allowing each type of behavior, except possibly the shift from lateralized behavior to ambidextrous behavior at high speed, which might nonetheless be accommodated with minor modification. © 2002 Elsevier Science (USA)
INTRODUCTION
In the past decade, laterality (left-right behavioral asymmetry) in nonhuman primates has become a recognized and widely studied phenomenon. In particular, the preferential use of one hand over the other has been studied intensively (see Ward & Hopkins, 1993) . One of the principal motives for this emphasis on the phenomenon of hand preference in nonhuman primates has been to discover factors that may be crucial for understanding how handedness develops in humans.
It is now well established that several species of monkey in fact exhibit preferences for using one hand over the other in a variety of reaching and manipulatory tasks. This research also shows that handedness in the monkey tends to be less stable than handedness in humans. In fact, consistent shift of hand preference has often been observed as a function of change in test conditions (Ward & Cantalupo, 1997 , Cantalupo & Ward, 2000 . Some factors that seem to play a role in the propensity to shift hand preference have been identified (e.g., posture assumed during testing; presence of other lateral preferences, like eye-dominance). However, a thorough understanding of the causes underlying the phenomenon has not yet been achieved, and no coherent theoretical explanation has been found that relates the instability in handedness shown by monkeys to the relatively more stable handedness of humans.
In this context, the study of self-organization in complex dynamic systems offers an exciting possibility of finding a new basis for understanding the expression of handedness. Self-organization, that is the spontaneous emergence of structure in a dynamical system, is a very common phenomenon in the nonbiological world. This phenomenon has been extensively studied by physicists and physical chemists, and several models have been developed to explain the self-organized dynamics of complex physical systems. In general, models of the dynamical systems type try to provide a geometrical picture of the possible states for a system (Nicolis & Prigogine, 1989) . The picture can be thought of as a topographic map with low areas (basins) corresponding to stable behaviors and higher ground describing how switches in behavior play out in time. For a monkey catching a ball, for instance, there might be one basin for two-handed catching and separate basins for one-handed catching with the right and left hands. The behavior actually exhibited might depend on the speed with which the ball is tossed, the size of the ball the angle at which it enters the visual field, and a number of other variables termed control parameters because they are within the control of the experimenters.
In dynamical systems theory, the basic mechanism for shifts in behavior is loss of stability; as the control parameters change, one state of the system becomes unstable, whereas another one becomes stable, so the system moves from the former to the latter. Therefore, self-organization models seem to offer a privileged way of understanding the dynamics of shift in hand preference in monkeys. Moreover, self-organization theories may also provide powerful conceptual tools for explaining the difference in stability of handedness in monkeys and humans. Self-organization concepts and models have been very recently applied with success in biology and in the study of brain and behavior (Kaufman, 1993; Kelso, 1997) . Interestingly, Schöner et al. (1997) proposed a dynamical neural field theory for human reaching and eye saccades based on a time evolution equation that exhibits multistability for a range of parameters. The alternative stable states existing at set parameter values can play the role of attractors for longer-term learning or self-organized preferences. To the best of our knowledge no attempt has been made yet to apply such models to the study of laterality.
For this reason, we have conducted a pilot study with eight bushbabies housed at the Department of Psychology at the University of Memphis. The bushbaby is a particularly suitable subject for this type of research. Studies conducted in the past 15 years have yielded an impressive body of data on the laterality characteristics of the bushbabies. Such evidence has been of crucial importance in showing that handedness is not unique to humans but is a characteristic of other primate species too (for a review, see Ward, 1995) . Moreover, Cantalupo and Ward (2000) have clearly shown that there are two subgroups of bushbabies. One group (STABLE) is composed of animals that are very stable in their handedness across test conditions, whereas the members of the other group (UNSTABLE) tend to shift handedness when tested in the same conditions. Therefore, the bushbaby offers unique opportunity to gather empirical data to assess whether a self-organization model can (1) explain the dynamics of shift in hand preference and (2) account also for the differences in handedness stability between STABLE and UNSTABLE individuals.
In this context, we implemented a testing paradigm in which the subjects were assessed for handedness in retrieving a target from a turning table that allowed precise manipulation of speed and direction of rotation of the target. The goal of implementing this new paradigm was to probe systematically and with unprecedented precision each subject's handedness stability, as a means of obtaining an adequate empirical ground to assess whether the dynamics of handedness in primates can be adequately accounted for by a model of the dynamical system type.
METHODS

Subjects
The subjects for this preliminary study were four female and four male bushbabies (Otolemur garnettii) housed in a social colony at the University of Memphis. All subjects had been previously assessed for stability of hand preference in a study (Cantalupo & Ward, 2000) which involved reaching for food items from (a) a bipedal vs quadrupedal posture and (b) from transparent vs opaque cups. Each subject was then categorized as UNSTABLE or STABLE in handedness depending on whether its lateral hand bias did or did not change at the statistical level (as assessed by binomial test) across the four test conditions. In this way, four subjects (two males, two females) were assessed as STABLE in their handedness, whereas the remaining four were categorized as UNSTABLE.
All animals were fed a standard diet of primate chow and fresh fruit and vegetables, with ad libitum access to water. Treatment of the animals was in accordance with state and federal regulations.
Apparatus
Testing was conducted using a metal turning table (52 cm in diameter) painted white. The table was put in motion by a variable-speed centrifugal accelerator (Cenco) by means of a rubber belt. Direction of rotation (clockwise vs counterclockwise) of the table could be varied as well as speed of rotation, that could be incremented or decremented by discrete steps of one rotation per minute (RPM). The subject was placed inside a rectangular box (30 ϫ 47 ϫ 47 cm) made of wood boards painted white, except for the front and top (ceiling) boards that were made of transparent Plexiglas. The test box was centrally placed in front of the turning table, and the subject could retrieve a raisin from the table through a 4 ϫ 5 cm opening centrally placed on the transparent front side of the box. The raising was in full view of the subject all throughout its revolution on the turning table, except for a small segment covered by a 50 ϫ 60 white plastic board vertically placed on the opposite side of the table facing the subject. The experimenter sat behind the white board and could see the subject on a video monitor. All behaviors were recorded by a video camera placed 2 m directly above the apparatus.
Procedure
Shaping. Each subject was presented on the first day with 60 raisins (30 approaching from the subject's left visual field, 30 from the right) placed consecutively one at time on the table turning at a baseline rate of 2 RPM's. The order of presentation of the direction of rotation of the table was counterbalanced both across subjects and sessions. The experimenter placed a raisin on the turning table only when the subject was facing the opening on the transparent side of the test box. The raisin was left on the table until the subject successfully retrieved it or knocked it off the table. Only one raisin was present on the table at any given time. The procedure was repeated for successive days until the subject consistently retrieved the targets with an overall accuracy of 90% or higher.
Testing. Following shaping, each subject was again required to retrieve 30 raisins for each direction of rotation of the table, but with the rate of rotation increased by 1 RPM between one session and the next. The procedure was repeated for successive daily sessions until the overall performance of the subject dropped to 50% or lower accuracy in retrieving the targets.
All right-and left-hand reaches made by each subject in each session were scored from the videotapes, and a handedness index was calculated for each session using the formula:
(# right-hand reaches) Ϫ (# left-hand reaches) (# right-hand reaches) ϩ (# left-hand reaches)
For each subject, binomial test was employed to assess whether frequency of leftvs right-hand use differed at the statistical level.
RESULTS
Three of the four animals (two males, one female) were consistently lateralized across all test conditions, thereby confirming their previous categorization as STABLE in handedness. Two (one male, one female) were right handed (see Fig.  1A ), the remaining male was left-handed. However, one the female subjects previously categorized as STABLE clearly showed ambidexterity in this paradigm. In particular, her hand preference was clearly influenced by the direction of rotation of the target, with a statistically significant preference for reaching with the left hand when the stimulus approached from the right visual field and a completely reversed preference (i.e., for right-hand reaching) when the stimulus approached from the left visual field. Speed of the stimulus did not influence her hand preference.
Exactly the same pattern of handedness characterized by a consistent tendency to cross-body reach, with reliable switching from left-to right-hand use as a function of the direction of movement of the stimulus was also observed for three of the subjects that were previously categorized as UNSTABLE in their handedness (see Fig. 1C ). However, one of these subjects, a female, showed a more complex handedness pattern, with also speed of the stimulus influencing hand preference. In particular, this subject was clearly ambidextrous (with the same tendency for cross-body reaching showed by the other UNSTABLE subjects) for relatively slower and faster rotation speeds of the stimulus. On the other hand, for an intermediate speed range (6-12 RPM's) the same subject was markedly right handed (see Fig. 1B ).
Modeling Lateralized Behavior as a Broken Symmetry
We believe that the neural field model of Schöner et al. provides a framework within which the development of the behavior can be modeled in a mathematically satisfying though necessarily idealized way. The basic equation of the model is
which determines the time evolution of a one-dimensional ''neural field '' u(x.t) , the value of which at any spatial point and time can be positive or negative and describes the average activity of a number of neurons located in a small spatial region. Here the key feature is an exhibition/inhibition function
where w I can be chosen so that the uniform rest state u(x,t) ϭ h is stable in the absence of noise x(x,t), and s is a threshold function. S(x,t) reflects the effects of the stimulus, which we have taken as a moving Gaussian. localized on one side or the other of the neural array. Schöner et al. suggest that such a state might reflect the human subject's familiarity with a particular environment. We have interpreted it as reflecting an organism's lateralization. If noise is included in the calculation, a critical value of w 0 is found at which the solution bifurcates into one lateralized on the left and one lateralized on the right in an unpredictable manner.
It is not difficult to see how, starting in an initially uniform state, the stimulus moving from right to left or vice versa, builds up activation on the side on which it first appears. If we assign each side of the neural field to the contralateral side of the body, then the ambidextrous cross reaching is explained. Figure 2 shows the results of two numerical solutions of the model which indicate how it can account for the switch in behavior from ambidextrous cross reaching to a single dominant hand. Figure 2a shows the evolution of the neural field u(x,t) in the case of rest state favoring reaching with the left hand at t ϭ 0 as the stimulus moves slowly across the field. Despite the initial peak on the left hand side the response to the stimulus is a peak on the left hand side with a high threshold for action, this will produce a reach with the opposite hand. Figure 2b shows a reach with the stimulus moving faster. In this case the dominant side prevails and the reach will be with the dominant hand. The simple model cannot explain a transition between dominant behavior at lower speeds and ambidextrous behavior at intermediate speeds. A possible explanation would be achieved if the neural circuitry involved were in effect desensitized to very slowly moving objects so that the stimulus amplitude would be lower for them. With a somewhat greater value for the parameter w 0 strictly lateralized behavior is predicted.
DISCUSSION
Even at this preliminary stage the evidence presented clearly shows the potential of the proposed approach as a common paradigm for testing handedness in the Bushbaby and in primates in general. Handedness stability is assessed more systematically and with greater wealth and precision of measures than what is usually achieved by often times too simplistic traditional procedures (e.g., testing handedness in simple food reaching). The measures obtained better capture the dynamic aspects of handedness, and thus also offer a better empirical basis for assessing the tenability of models for handedness of the dynamical system type. Moreover, because of its simplicity, the paradigm can be easily implemented in cross-species comparisons to assess the generalizability of proposed models for handedness.
The theoretical model employed here actually makes more detailed predictions than discussed, for instance the timing of the reaching effort, and with noise included, the overall accuracy. These aspects will form the basis of a subsequent analysis of the videotaped data from this pilot experiment. 
Michigan State University
A prior study (Carbary, Almerigi, & Harris, 2001 ) of adults' judgments of emotional chimeric faces showed that the left visual hemispace (LVH) bias normally found on a free-viewing chimeric faces test is reduced when the task is judged to be difficult. Taking into account theory and research on hemispheric differences in styles, or strategies, of information processing, we proposed that the reduction was related to a change in these strategies. Two new experiments are presented that independently manipulate task difficulty and show the same task difficultyrelated effect as in our prior study. Data are also presented suggesting that the strategy most commonly adopted for difficult judgments is part-based or feature-oriented, whereas the strategy most commonly adopted for easy judgments is reliance on ''first impression. '' © 2002 
INTRODUCTION
When adults are shown pairs of mirror-image chimeric faces, one with a hemismile on the left, and a neutral expression on the right, the other with the features in reverse position, and are asked ''Which face is happier?'' (see Fig. 1a ), about 65-75% reliably choose the face with the smile to their left (e.g., Levy, Heller, Banich, & Burton, 1983a; Carlson & Harris, 1985) . They thus show what is called a left visual hemispace (LVH) bias. One explanation for the bias is that it results from neural activation of lateralized mechanisms for the perception of faces and emotion located predominantly in the right hemisphere. The assumption is that when these mechanisms are activated, attention is driven to the contralateral side of space, making information on that side more salient (Levy et al., 1983a.) .
In a prior study (Carbary, Almerigi, & Harris, 2001) , we presented adults with pairs of happy-neutral chimeric faces and asked them, for each pair, to choose the happier face and to rate the difficulty of the judgment. Difficulty of judgment proved to be modestly related to the strength and direction of the left-side bias, with facesets rated as more difficult to judge yielding a smaller LVH bias than those rated as easier to judge. Based on these findings, we hypothesized that the weakening of the LVH bias was the result of a change in style of stimulus-processing, from a global, holistic process of the kind commonly associated with face-processing and the right hemisphere to one that incorporates a more feature-oriented, local analysis of the kind commonly associated with the left hemisphere (cf. Farah, Wilson, Drain, & Tanaka, 1998; Robertson, Lamb, & Knight, 1998) . In terms of the attention-explanation of the bias, this implies that the change in style of processing had attenuated our subjects' attention to the left hemispace, thereby diminishing the usual LVH bias.
In our prior study, task difficulty was not independently manipulated; it was based on the judgments of the same subjects who had made the face judgments. In two new experiments, we therefore manipulated and assessed task difficulty independently, prior to administration of the chimeric faces test. From our prior work, as we said, we hypothesized that the change in the LVH bias reflected the incorporation of a feature-based analysis. Another possibility is that judging more difficult items engendered a strategy incorporating verbal analysis of the stimuli. To better understand the nature of the processing strategies used, we asked subjects in both experiments about the style of processing they employed while making their judgments. Finally, in our prior study, the chimeric faces were made from photographs of real faces. In the new experiments, we wanted to achieve a greater measure of control over the displayed emotion. In addition to photographs of faces, we therefore used two different kinds of specially designed drawings of faces.
EXPERIMENT 1
Method
Subjects. Subjects were 212 right-handed university undergraduates (158 women, 54 men).
Test faces. Test stimuli consisted of 23 pairs of chimeric faces; 8 were made from photographs of real faces, and the other 15 were made from cartoon faces. The 8 pairs of photographed faces (see example in Fig. 1a ) were drawn from a pool of 36 face-sets, independently rated by 358 subjects for difficulty to judge (from Carbary et al., 2001 ). The 8 chosen were the 4 rated ''easiest'' and the 4 rated ''most difficult.''
The 15 cartoon face-sets were made from 5 different cartoon faces. Three were made from arrays of 5 faces originally designed by Ley and Bryden (1979) to depict 5 different levels of emotion within each array, ranging from very positive to mildly positive to neutral to mildly negative to very negative. For this experiment, the three faces depicting the very positive to neutral points on the continuum were each combined with the mildly negative face to create 3 chimeras representing 3 different levels of emotion (Fig. 1b depicts the 3 face-sets for one of the Ley and Bryden faces).
1 The remaining two cartoon faces were far simpler than the Ley and Bryden faces and, likewise, were designed to depict 3 levels of emotion (Fig. 1c depicts the 3 face-sets for one of the simpler cartoon faces). In sum, for each of the total of 5 faces, three chimeric face-sets were made such that the relatively positive emotion depicted in the target hemi-face increased in magnitude incrementally, creating what we intended to be three levels of judgment difficulty-easy, medium, and difficult. Pilot studies to establish task difficulty. For the cartoon faces, we conducted 2 pilot studies to confirm the three levels of difficulty created by our design of the face-sets. We compared the hypothesized order-of-task-difficulty (easy, medium, and difficult) with subject rankings in Pilot Study 1 and with subject ratings in Pilot Study 2. Both pilot studies, each with n ϭ 18, showed significant Pearson correlations of r ϭ 0.98 and 0.72, respectively, for the relation between our hypothesized orderof-task-difficulty and the order of task difficulty as indicated by subjects' ranking and ratings. Pilot Study 2, however, indicated only two levels of task difficulty: easy and medium items were not different from each other, but both were judged to be different from the difficult items. Procedure. Subjects were tested together in a large classroom. Test stimuli were presented in booklets containing 23 face-sets, each on a separate page. Face-set order was pseudo-randomized and counter-balanced for left/right stimulus placement across 2 booklets. Subjects first were shown a sample face-set (labeled face A and face B) via overhead projector, asked to judge which face was happier, and then told that they would be asked to make the same kind of judgment for other pairs of faces depicted in their test booklets. The subjects then were guided through the 23 facesets, one at a time, by the test administrator. They were allowed 10 s per face-set and were asked to mark their choice (face A or face B) on their response sheet.
Following the 23 judgments, the subjects were directed to another part of their response sheet and were asked 3 questions about how they had made their judgments for their more difficult decisions. They were instructed as follows: ''For the judgments you just made, you probably found that some were quite easy to make and some were more difficult. For the judgments that were more difficult to make, did you: (1) talk to yourself about how to decide; (2) study small features of the face while trying to decide; or (3) decide in some other way?'' Subjects were told that ''talking to yourself'' did not necessarily mean talking aloud and that any subvocal, or internal, verbalization should be counted. Using labeled boxes on the response sheet, they were asked to check all categories that applied, and they were encouraged to briefly elaborate if they checked the box marked ''decide in some other way.'' Subsequently, we shall refer to the three categories as ''feature-search,'' ''self-talk,'' and ''some other way,'' respectively.
Results
Main LVH bias effects. The direction and strength of the VH (visual hemispace) bias was indicated by the mean number of choices where the target hemi-face was to the subject's left. The score could range from 0 to 1, where 1.0 indicates that all judgments showed an LVH bias, 0.5 indicates no bias either way, and 0.0 indicates that all judgments showed an RVH bias.
For all 23 faces-sets, the mean LVH bias was 0.66, indicating a moderately strong and significant left-side bias (t ϭ 11.73, 211 df; p Ͻ .001). The biases for the 8 photographic and 15 cartoon face-sets were similar, 0.67 for the photographic facesets, and 0.65 for the cartoon face-sets, both biases being different from chance (t ϭ 9.55, 211 df, p Ͻ .001 and t ϭ 11.13, 211 df, p Ͻ .001, respectively) but not from each other (t ϭ 1.54, 211 df; p ϭ .13).
Main LVH bias effects by level of difficulty.
For the photographic face-sets, there were significant LVH biases for all levels: 0.71 for the four ''easy'' sets (t ϭ 10.10, 211 df; p Ͻ .001) and 0.64 for the four ''difficult'' sets (t ϭ 7.04, 211 df; p Ͻ .001). A one-way ANOVA indicated that the biases for the easy and difficult face-sets also were significantly different from each other (difference ϭ .064; F ϭ 4.90, 423 df; p ϭ .027).
For the cartoon face-sets, there were significant LVH biases for all levels: 0.67 for the five easy sets (t ϭ 8.95, 211 df; p Ͻ .001), 0.68 for the five medium sets (t ϭ 10.16, 211 df; p Ͻ .001), and 0.60 for the five difficult sets (t ϭ 6.35, 211 df; p Ͻ .001). One-way ANOVA showed a significant effect for level of task difficulty (F ϭ 6.27, 634 df; p ϭ .002). LSD post-hoc tests revealed differences between easy and difficult face-sets (difference ϭ .07; p ϭ .009) and between medium and difficult face-sets (difference ϭ .08; p ϭ .001) but not between easy and medium face-sets (difference ϭ .01, p ϭ .459).
For the photographic face-sets, a 2-tailed Pearson correlation showed an inverse and significant relation of r ϭ Ϫ.11 between task difficulty and LVH bias (n ϭ 424; p ϭ .027). Likewise, for the cartoon face-sets, the relation between task difficulty (easy ϩ medium vs difficult) and LVH bias was r ϭ Ϫ.14 (n ϭ 636; p Ͻ .001).
Debriefing questions. As shown in Table 1 (Experiment 1), for judgments that subjects regarded as more difficult, 47% checked ''self-talk,'' 90% checked ''featuresearch,'' and 23% checked ''some other way.'' Several subjects who checked the ''some other way'' category noted that they had simply made a choice based on their first impression.
Discussion
In sum, when task difficulty was defined and validated independently, it had the same effect on the VH bias as it did in our prior study. The results thus further support our hypothesis linking task difficulty to a diminished LVH bias.
Based on the debriefing data, the results also suggest that the reduction in the LVH bias is more closely related to the use of a feature-search style of analysis than to the use of verbal mediation. The debriefing data, however, were incomplete because subjects were asked only about the judgments they found to be difficult, not the ones they found to be easy. Before we can confidently associate difficult judgments to any particular strategy or strategies, we need debriefing data for both kinds of judgments-difficult and easy. We also found that subjects who checked ''some other way'' often explained that their choice was based on their first impression. If ''first impression'' had been included among the categories, it therefore might have increased the validity of individual choices.
With these considerations in mind, we conducted a second experiment, focusing on the debriefing questions, with two procedural changes. We asked the debriefing questions for judgments the subjects found to be easy as well as for judgments they found to be difficult, and we added ''first impression'' as a 4th category.
EXPERIMENT 2
Method
Subjects. Subjects were 82 right-handed university undergraduates (66 women, 16 men).
Test faces and procedure. Test booklets and face-set stimuli were the same as those used in Experiment 1. The testing procedure also was the same except that, as already noted, in the debriefing period subjects were asked about their easy as well as their difficult judgments and were given ''first impression'' as a 4th category.
Results
Main LVH bias effects. For all 23 faces-sets, the mean LVH bias was 0.67, indicating a moderately strong and significant left-side bias (t ϭ 7.83, 79 df; p Ͻ .001). The biases for the 8 photographic and 15 cartoon face-sets were similar, 0.70 for the photographic face-sets, and 0.65 for the cartoon face-sets, both biases being different from chance (t ϭ 6.59, 79 df; p Ͻ .001 and t ϭ 7.12, 82 df; p Ͻ .001, respectively) but not from each other (t ϭ 1.30, 79 df; p ϭ .20).
Main LVH bias effects by level of difficulty.
For the photographic face-sets, there were significant LVH biases for all levels: 0.71 for the four easy sets (t ϭ 6.01, 79 df; p Ͻ .001) and 0.70 for the four difficult sets (t ϭ 7.04, 211 df; p Ͻ .001). This time, a one-way ANOVA indicated that the biases for the easy and difficult face-sets were not significantly different from each other (difference ϭ .017; F ϭ 1.50, 158 df; p ϭ .223), although the direction of the effect was the same as in Experiment 1.
For the cartoon face-sets, there were significant LVH biases for all levels: 0.71 for the five easy sets (t ϭ 6.86, 79 df; p Ͻ .001), 0.67 for the five medium sets (t ϭ 5.372, 79 df; p Ͻ .001), and 0.58 for the five difficult sets (t ϭ 3.497, 79 df; p ϭ .001). One-way ANOVA showed a significant effect for level of task difficulty (F ϭ 5.05, 239 df; p ϭ .005). LSD post-hoc tests revealed differences between easy and difficult face-sets (difference ϭ .129; p ϭ .001) and between medium and difficult face-sets (difference ϭ .087; p ϭ .029) but not between easy and medium face-sets (difference ϭ .040; p ϭ .291).
For the photographic face-sets, a 2-tailed Pearson correlation showed an inverse though nonsignificant relation of r ϭ Ϫ.028 between task difficulty and LVH bias (n ϭ 160; p ϭ .364). For the cartoon face-sets, the relation between task difficulty and LVH bias was significant (r ϭ Ϫ.21, n ϭ 240; p ϭ .001) as it was in Experiment 1 (see Fig. 2 ).
Debriefing questions. As shown in Table 1 (Experiment 2), for judgments that subjects regarded as more difficult, 51% checked ''self-talk,'' 92% checked ''featuresearch,'' 17% checked ''some other way,'' and 66% checked ''first impression.'' Note. In Experiment 1, only first three categories were provided and subjects were asked only about their more difficult judgments. For Experiment 2, all four categories were provided and subjects were asked about their difficult and easy judgments. In both experiments, subjects could endorse as many strategies as they felt they used. The percentages reported for easy or for difficult judgments, therefore, will not necessarily sum to 100.
For judgments regarded as easier, 22% checked ''self-talk,'' 28% checked ''featuresearch,'' 2% checked ''some other way,'' and 93% checked ''first impression.''
Discussion
Although the main results only partially replicated the task difficulty effect found in Experiment 1, they did confirm the finding indicating the predominance of the ''feature-search'' over the ''self-talk'' strategy for difficult tasks, and they showed that both strategies, but especially ''feature-search,'' were associated more closely with difficult than with easy judgments. Finally, they showed that for easy judgments, ''first impression'' was the overwhelming strategy reported. In combination, the results thus showed that when the chimeric face judgment was sufficiently easy, subjects could rely on only their first impression, possibly precluding the need for another strategy.
SUMMARY AND GENERAL DISCUSSION
Counting our prior study, we now have obtained the task difficulty effect in three independent experiments, one in which task difficulty was defined by the same subjects who made the judgments (Carbary et al., 2001) , and two more in which it was independently defined and validated beforehand. In Experiment 1, furthermore, for both the photographed and cartoon faces, the relation between task difficulty and LVH bias was significant. In Experiment 2, however, the relation was significant for only the cartoon faces. At this time, we have no clear explanation for the more limited result in Experiment 2. It may reflect the fact that for the photographed faces, the difference between the easy and difficult judgments was large and significant in Experiment 1 but small and non-significant in Experiment 2 (compare Figs. 2a and 2b) . This, in turn, may reflect the lower statistical power of the test. In Experiment 1, the power to detect a difference between easy and difficult photographed face-sets was 80%; in Experiment 2, it was 43%.
Many questions remain. One question is about the contribution of facial design features to the effect, namely, whether LVH biases are affected differently by task difficulty in combination with face realism (e.g., photographs vs cartoons). Another question is about the generalizability of the results to left-handers, since left-handers are known to be more variable in cerebral organization than right-handers (Harris, 1992) . In fact, our plan was to address this question in the current experiments, but the numbers of left-handers we were able to test (12 and 7) were too few to permit meaningful analyses, especially given the complexity of the experimental design. We want to expand the number in future studies. Still another question is about the nature of the strategies associated with the reduction in strength of the LVH bias. We suggested 2 kinds of strategies that might be associated with the change: a feature-based strategy and a verbal strategy. Feature-based strategies and verbal strategies, however, are not necessarily different or incompatible. Indeed, for difficult judgments, our subjects often checked both categories, that is, ''feature-search'' and ''self-talk.'' To this degree, we can say that the strategies are related. What we cannot say is how they are related or exactly what each one entails. For example, for one person, selftalk might mean telling oneself to search for features that would facilitate the judgment; for someone else it might mean only telling oneself that the task is difficult. Conceivably, the use and precise meaning of these strategies also might vary along stimulus variables (e.g., face realism) as well as subject variables, including handedness, cognitive style, characteristic pattern of asymmetric hemispheric arousal (Levy, Heller, Banich, & Burton, 1983b) , and directional scanning tendencies arising from reading and writing experience (Vaid & Singh, 1989) . In future studies, we hope to be able to address these and other questions. Finally, in all of our experiments to date, we have found that increasing task difficulty reduces the LVH bias, but we have not found that the effect reverses completely to an RVH bias. In principle, we would expect to find a reversal if the task were difficult enough. On the other hand, so long as the task remains fundamentally a face-perception task, we may never reach that point. This is another issue that we want to address in future studies. Twenty-two normal right-handed subjects indicated with their index finger the midpoint of a horizontal rod that they could not see. Subjects performed this task while directing their gaze either centrally or toward four different locations (5°or 30°to the left or to the right of the midline). Results showed an overall leftward bias in rod bisection, which increased when subjects used their right hand and fixated a right-sided visual target. Thus, orienting of gaze can affect a nonvisual, tactilo-kinesthetic spatial task. The possible mechanisms of this interaction are discussed with respect to activation-orienting theories egocentric hypotheses and directional trends. © 2002 Elsevier Science (USA)
INTRODUCTION
Subjects suffering from left unilateral neglect are impaired in responding to stimulation in the hemispace controlateral to the brain lesion. When these patients are asked to bisect a line at its center, they frequently make massive rightward errors (Schenkenberg, Bradford, & Ajax, 1980) . Applied to normal subjects, visual and tactilo-kinesthetic bisection protocols has enabled numerous authors to describe a smaller but systematic leftward deviation of the subjective middle (Bowers & Heilman, 1980; Bradshaw, Nathan, Nettleton, Wilson, & Pierson, 1987; Chokron & Imbert, 1993a; Sampaio & Chokron, 1992; Sampaio & Philip, 1991) . This phenomenon was called ''pseudoneglect'' by Bowers and Heilman (1980) to designate the error in the opposite direction to that made by patients suffering from left unilateral neglect.
Pseudoneglect has been explained in terms of hemispheric activation. In a case of a normal right-handed, it has been argued that the spatial nature of the bisection task, which preferentially activates the right hemisphere, would entail an attentional bias to the left hemispace, with resultant enhancement of the left perceptual field, and thereby a leftward deviation of the subjective middle (Bradshaw et al., 1987; Scarisbrick, Tweedy & Kuslansky, 1987) . This ''enhancement hypothesis'' is thus a corollary of the ''activation-orienting'' theory (Kinsbourne, 1970a; Kinsbourne, 1970b) , which stipulates that distribution of attention in space is biased toward the direction controlateral to the most activated hemisphere.
Rather than linking the position of the subjective middle during bisection to the respective activation of each hemisphere. Jeannerod and Biguer (1989) , have proposed that rod bisection and pointing straight ahead protocols are a way to record the position of the egocentric reference (ER). According to these authors egocentric body coordinates such as body midline (or sagittal axis) are represented as a reference (called the egocentric reference) for actions direction to objects within extracorporeal space. In this view, asking the subject to indicate the subjective centre of a tactually explored rod is just an indirect way of recording the position of his egocentric reference, and reciprocally, the position of this reference is seen as determining the position of the subjective middle in bisection.
According to the egocentric hypothesis Jeannerod & Biguer, 1989) , orienting the subject's gaze to one hemispace a controlateral deviation of the egocentric reference. Moreover, according to these authors (1989), the less the gaze is deviated, the more should be the contralateral deviation, because ''when the angle between the eyes and the trunk axis is small (i.e., Ϯ5°), eye position signals are too weak to be used as an index of the permanent eye deviation. When this angle increases, eye position signals become perceptible and can be used for detecting the deviation of the eyes with respect to the head/trunk axis, so that pointing get closer to the actual straight ahead' ' (1989) .
The aim of the present study was to examine this latter hypothesis by manipulating the gaze direction while tactually bisecting a rod.
The protocol used here was adapted from Jeannerod and Biguer (1989) . We imposed five gaze directions (30°left or right, 5°left or right and 0°) to normal subjects while they were bisecting a rod on the basis of tactilo-kinesthetic information.
METHOD
Subjects
Twenty-two right-handed Psychology students (11 women, 11 men), between the ages of 21 and 34 years. The average age was 24,9 years. Their handedness was defined using Delatollas and colleagues' questionnaire , and they all have only left-to-right reading habits.
Stimuli
Two rods of 5 mm in diameter, fixed to a wooden support and placed on a table bearing a mark corresponding to the sagittal middle of the subject. This is an adaptation of an apparatus used in previous studies (Bowers & Heilman, 1980; Chokron & Imbert, 1993a; Sampaio & Chokron, 1992; Sampaio & Philip, 1991) . The rods were 12 and 24 cm in length.
Procedure
The experiment took place in a quiet dark room. At the start of each trial, the subjects were asked to look at an illuminated light emitting diode (LED) at 5°or 30°to the left or right, or at 0°. The LEDs used as visual targets were displayed on a screen at 57 cm from the subject. Zero degrees corresponded to the subject's sagittal middle. The to-be-bisected rod was presented in the horizontal plane and was covered to prevent the subject looking at his/her hands. The rod was centered with respect to the subject's sagittal middle. The subject's head position was ensured by a chinrest and the trunk was maintained in a straight position by the way of a belt fixated aroud the chair. The test began when the experimenter placed the subject's index finger at one extremity of the rod. The subject was not limited in the number of movements back and forth along the rod. The exploration stopped at a point estimated by the subject as being the middle. Each subject performed 80 trials, 40 with the right hand and 40 with the left hand, the order of hand used was counterbalanced. Each block was divided into 20 trials starting from the right end and 20 starting from the left end of the rod. Each rod was explored with the five different positions of gaze: 5°to the left, 30°to the left, 0°, 5°to the right and 30°to the right. For each block the order of presentation of the two rods (different lengths), the hand used, the starting position (left or right extremity), and the position of the visual target (5°and 30°, left and right or 0°), were drawn at random. Each rod was therefore presented to the subject 40 times: once starting from the left, once from the right for each hand and for each of the five eye positions. All the conditions occured at random and differ from one subject to another. Thereby, data were collected for each condition according to the hand used, the length of rod, the starting point and the gaze direction.
The error was determined by measuring (in cm) the distance between the subjective middle and the objective middle of the rod (corresponding to the sagittal middle of the subject and to 0°). A thin plastic arrow (0.5 mm) was pasted on the index tip in orde to measure the error to the nearest millimeter. Leftward deviations carried a minus sign, whereas rightward deviations carried a plus sign.
RESULTS
The overall bisection was significantly deviated to the left of the objective middle (m ϭ Ϫ0.21 cm, t(21) ϭ 3.03, p Ͻ .05).
A repeated measures analysis of variance (ANOVA) was conducted with hand, gaze direction, and length as between subjects factors. The ANOVA revealed a significant effect of the hand used [F(1, 21) ϭ 15, 60, p Ͻ .005], and of gaze direction [F(4, 84) ϭ 6, 01, p Ͻ .005], on the position of the subjective middle.
The use of the right hand induced a significant leftward deviation of the subjective middle (m ϭ Ϫ0.39 cm, t(21) ϭ 5.21, p Ͻ .05), while the use of the left hand produced a nonsignificant leftward deviation (m ϭ Ϫ0.03 cm, t(21) ϭ 0.34 ns).
Concerning the effect of gaze direction on rod bisection, the more the visual target was deviated on the right, the more noticeable was the leftward deviation of the bisection (Fig. 1) . In fact the only significant deviations of the subjective middle occured for 5°right (m ϭ Ϫ0.319 cm t(21) ϭ 4.14 p Ͻ .05) and 30°right gaze direction (m ϭ Ϫ0.491 cm t21 ϭ 5.03, p Ͻ .05) ( Table 1) .
Planned comparisons revealed that gaze directions differed significantly regarding the hemispace of visual fixation: the fixation 5°to the left differed significantly from 
DISCUSSION
Normal dextrals were found here to bisect tactually a rod significantly to the left of the objective middle, in agreement with previous results (Bowers & Heilman, 1980; Bradshaw et al., 1987; Chokron & Imbert, 1993a; Sampaio & Chokron, 1992; Sampaio & Philip, 1991) . We were also able to confirm here that leftward bias is magnified by the use of the right hand and by right-sided eye deviation (Chokron & Imbert, 1993a) .
These effects of the hand used and of the gaze direction rule out any attempt to explain the leftward bias in bisection of normal subjects only in terms of hemispheric activation (Bradshaw et al., 1987; Kinsbourne, 1970a; Kinsbourne, 1987) . Activation hypotheses would have in fact predicted exactly the opposite pattern, that is a maximal amount of leftward bias when the subjects use their left hand, and fixate a target in the left hemispace, because of the overactivation of the right hemisphere by the spatial nature of the task, the use of the left hand, and the deviation of the eyes to the left. On the other hand our results confirm some recent findings of Brodie and Pettigrew (1996) who found a systematic deviation of the subjective middle in line bisection, toward the side opposite to the hand used, thus again challenging the activation hypotheses.
As we have mentioned in the Introduction, egocentric hypotheses predict a deviation of the egocentric reference (here of the position of the subjective middle) contralateral to the eye deviation that may decrease as the gaze deviation increases (Jeannerod & Biguer, 1989) . Our results confirm only partially this hypothesis in showing a bias contralateral to the eye position. However, we found that the more peripheral to the right the visual target is, the strongest is the leftward deviation tendency. Even if the most leftward visual target is able to induce a slight rightward deviation, our results indicate a gradient of leftward deviation that increases from gaze deviated 5°to the left to more rightward eyes deviation, including the baseline condition (0°) (Fig. 1) . The fact that a lateralized visual fixation has not the same effect on straight ahead pointing and tactile bisection provides evidence against an interpretation of the leftward bias in bisection in normal subjects related only to the position of egocentric reference.
Apart from its role on hemispheric activation or on egocentric reference construction, gaze direction can be seen as behavioural correlate of automatically orienting of attention in space (Shepherd, Findlay, & Hockey, 1986) . Regarding this hypothesis, the results of the present experiment and of those dealing with the effect of scanning direction in line bisection Chokron & Imbert, 1993b; Chokron, Perenin, & Imbert, 1993) suggest that directing attention to one side of space by staring at (or scanning toward as in previous experiments) a lateralized visual target leads to a contralateral spatial bias in both tactile and visual bisection in normal subjects. These findings confirm several studies concerning both normal and brain-damaged patients, showing that eye movements may orient the subject's attention toward the appropriate part of space not only during visual tasks but also in the tactile or auditory modality (Belin, Perrier, Cambier, & Larmande, 1988; Gopher, 1973; Honoré, 1982; Larmande, Blanchard, Sintes, Belin, & Autret, 1984; Larmande, Elghozi, Sintes, Bigot, & Autret, 1983) [see (Gainotti, 1993 ) for a review].
From a neurophysiological point of view, Heilman and his colleagues have been claiming for a long time that the left hemisphere mediates attention primarily for stimuli in right hemispace while the right hemisphere appears to attend to stimuli in both hemispaces (Heilman & Van Den Abell, 1980) . Recently, they have collected more evidence for this hypothesis. Using infrared pupillography Kim, Barett, and Heilman (1999) have recorded changes in the pupillary diameter while subjects were looking and attending to the stimuli on the right and left sides of space. Their findings revealed more pupil dilatation when looking to a stimulus on the right than when looking toward the left. Looking (and therefore attending) rightward may induce a greater attentional arousal response than looking leftward because, when one looks rightward, both hemispheres activate the mesencephalic reticular formation (MRF) whereas when one looks leftward, only the right hemisphere activates the MRF.
According to these psychological and neurophysiological hypotheses, the asymmetry we observed here between left and rightwad gaze deviations could come both from the natural tendency of left-to-right readers to orient their attention to the right and from a greater neuronal activation when directing the gaze to the right rather than to the left hemispace.
In conclusion, the present experiment confirms the presence of a spatial bias in normal subjects, adds evidence for an effect of gaze direction on spatial attention and raise the question of an attentional rightward bias in normal subjects linked perhaps to reading habits. Further studies are needed to establish to what extent eyes signals and directional trends play a role on the orientation of attention in space in normals as well as in brain-damaged patients in the different sensory modalities. Forty normal subjects (20 left-handed; 20 right-handed) were submitted to a proprioceptive straight ahead pointing task while blindfolded to study the effect of the hand used and of the hand preference on the estimation of the subjective sagittal middle. Results showed that lefthanded and right-handed subjects both deviated to the left of the objective sagittal middle and presented an effect of the hand used and of the starting point affecting their straight ahead performance in a similar way. In all subjects whatever their manual preference, using the left hand and starting 30°to left induced a tendency to deviate to the same side, whereas using the right hand and starting 30°to right induced a tendency to place the subjective middle to the right of the objective middle. These results are interpreted with regard to the hypothesis of a cortical control of the position of the egocentric reference. 
INTRODUCTION
It is hypothesized that egocentric body coordinates such as body midline or sagittal axis are represented as a reference for actions directed to objects within extracorporal space . Symmetrical functioning of the multiple nervous structures receiving the relevant sensory information would account for the normal sagittal position of the egocentric reference (ER).
One method of testing the position of the egocentric reference is to ask subjects to point straight ahead in the dark . The presence of a unilateral lesion has been first thought to result in a systematic bias of this reference toward the lesion side (Ventre & Coll, 1984; Karnath, 1991 Karnath, , 1994 Karnath, , 1997 , but a number of studies have demonstrated that a right parietal lesion, for example, can induce either no deviation of the subjective sagittal middle, or a rightward or even a leftward bias when pointing straight ahead (Chokron & Bartolomeo, 1997; , Farne & Coll, 1998 , Perenin, 1997 . But interestingly, the presence of an extensive right parietal lesion seems to be associated to an ipsilesional deviation of the position of the ER (Hasselbach & Butter, 1997; . In a recent study, it was also shown that in left-brain damaged patients only, there is a significant correlation between the severity of right neglect signs and the amplitude of an ipsilesional deviation of the egocentric reference . Thus, perusal of the literature does not reveal any clear relationship between a unilateral cerebral lesion and the presence and side of a deviation of the position of the egocentric reference. Concerning normal subjects, conflicting findings have been reported when using straight ahead pointing tasks. Whereas dextrals have been found by some authors to deviate slightly to the left of the objective middle when pointing straight ahead while blindfolded , others have reported a tendency of each hand to point in its own hemispace (Chokron & Imbert, 1995; Chokron & Bartolomeo, 1997; .
Although there are a number of reports of spatial biases in bisection in normal right-handed subjects (see Jewell & Mc Court, 2000, for review) , few data are available with left-handed adult subjects and no study to our knowledge had investigated the effect of normal hand preference on the position of the egocentric reference.
The aim of the present study was to investigate if the hand preference and the hand used could have an effect on the performance of normal subjects during a straight ahead pointing task while blindfolded.
METHOD
Subjects
Forty normal subjects free of neurological damaged aged between 19 and 29 years (mean: 23.2 years) were recruited and divided into two groups: 20 left-handed and 20 right-handed. Each group contained 10 subjects of each sex. Their handedness was assessed using the questionnaire of Dellatolas et al. (1988) .
Procedure
Subjects were seated blindfolded in front of a large graduated table. Their trunk and head were aligned at 0°, the sagittal middle corresponding to the objective center of the table. Trunk and head positions were carefully monitored by the experimenter throughout the task.
Subjects were asked to point straight ahead with either right or left hand. They performed 16 trials, 8 with each hand. For each hand there were two starting positions: 30°left (Ϫ30°) or right (ϩ30°) of the objective center of the table. Before each trial, the subjects' arm was positioned at one of these starting points, from which they had to point straight ahead, moving the arm along the table, the index fingertip being always in contact with the table (see Chokron & Imbert, 1995) . The subject pointed straight ahead from the same starting position forth with each hand. There was no time limit and the finger position was recorded when the subject estimated that his index was pointing ''straight'' ahead. The pointing error was measured to within half a degree, by determining the distance between the pointing position and the objective center, and carried a minus sign for leftward pointing and a plus sign for rightward pointing.
RESULTS
Right-Handed Subjects
An overall bias to the left of the objective midpoint was obtained (m ϭ Ϫ0.67°; SD ϭ 7.70; t(19) ϭ 0.39 ns). The ANOVA conducted on Sex (male, female) ϫ Hand (left, right) ϫ Starting Point (30°to the left or to the right) revealed a significant effect of the hand used [F(1, 18) ϭ 19.14; p Ͻ .0005] and a marginal effect of the starting point [F(1, 18) ϭ 4.06; p ϭ .059] on the straight ahead performance.
As shown in Table 1 , using the right hand lead to a significant rightward deviation of the subjective sagittal middle (m ϭ ϩ3.89°; SD ϭ 6.23; t(19) ϭ 2.79 p Ͻ .05), whereas using the left hand induced a significant leftward deviation (m ϭ Ϫ5.23°; SD ϭ 6.18; t(19) ϭ 3.79; p Ͻ .05).
Post-hoc analyses revealed that the effect of the hand used reached significance both for females [F(1, 9) ϭ 6.79; p Ͻ .05] and males [F(1, 9) ϭ 14.63; p Ͻ .005] (see Table 1 ).
As mentioned above, the starting point significantly affected the subjective sagittal position with a nonsignificant rightward deviation when starting 30°to the right (m ϭ ϩ0.03°, SD ϭ 7.62, t (19) ϭ 0.78, ns) while a leftward deviation was observed for a left starting point (m ϭ Ϫ1.35°, SD ϭ 7.74, t(19) ϭ 0.002, ns). Post-hoc analyses revealed that this effect was significant only for males [F(1, 9) ϭ 12.32; p Ͻ .01], but not for females [F(1, 9) Ͻ 1].
Left-Handed Subjects
As observed in right-handed subjects, an overall bias to the left of the objective midpoint was obtained (m ϭ Ϫ2.10°; SD ϭ 6.40; t(19) ϭ 1.47 ns).
The ANOVA conducted on Sex (male, female) ϫ Hand (left, right) ϫ Starting Point (30°to the left or to the right) revealed a significant effect of the hand used [F(1, 18) ϭ 27.19; p Ͻ .0001], an effect of the starting point [F(1, 18) ϭ 6.24; p Ͻ .05] and a significant interaction between these two factors [F(1, 18) ϭ 7.04; p Ͻ .02] on the straight ahead performance.
As shown in Table 1 , using the right hand lead to a non-significant rightward deviation of the subjective sagittal middle (m ϭ ϩ0.72°; SD ϭ 5.92; t(19) ϭ 0.55, ns), whereas using the left hand induced a significant leftward deviation (m ϭ Ϫ4.93°; SD ϭ 5.58; t(19) ϭ 3. 95; p Ͻ .05).
Post-hoc analyses revealed that the effect of the hand used reached significance both for females [F(1, 9) ϭ 15; p Ͻ .004] and males [F(1, 9) ϭ 15.49; p Ͻ .004] (see Table 1 ).
As mentioned above, the starting point significantly affected the subjective sagittal position with a nonsignificant leftward deviation when starting 30°to the right (m ϭ Ϫ1.114, SD ϭ 5.98, t(19) ϭ 0.74, ns) while a larger significant leftward deviation was observed for a left starting point (m ϭ Ϫ3.1°, SD ϭ 5.98, t(19) ϭ 2.32, p Ͻ .05).
The significant interaction between the hand used and the starting point was due to the fact that the starting point influenced the subjective sagittal middle mainly when using the left hand, where a deviation in the direction of the starting point was observed (see Table 1 ).
Comparison between Left-and Right-Handed Subjects
The ANOVA conducted on Manual Preference (left, right), ϫ Sex (male, female) ϫ Hand used (left, right) ϫ Starting Point (left, right), revealed no significant effect at all. This confirmed the above-mentioned results showing that left-handed and righthanded subjects both deviated to the left of the objective sagittal middle and presented an effect of the hand used and of the starting point affecting their straight ahead performance in a similar way.
DISCUSSION
The aim of the present study was to investigate if the subject's handedness and the hand used could have an effect on the performance of normal subjects during a straight ahead pointing task while blindfolded.
The main finding of this study was the absence of significant effect of handedness on proprioceptive straight ahead pointing performance. Results showed that lefthanded and right-handed subjects both deviated to the left of the objective sagittal middle. Normal dextrals have been previously found to point slightly but significantly to the left of the objective middle (Werner et al., 1953; Heilman et al., 1983) . According to , a symmetrical functioning of the multiple nervous structures would be necessary to account for the mid-sagittal position of the egocentric reference (ER). In dextrals, the activation of the right hemisphere linked to the spatial nature of the task would be responsible for the observed leftward deviation. If manual preference is an indicator of the lateralization of cerebral dominance, left-and right-handed subjects are expected to present opposite or at least different patterns of straight ahead pointing. Along the same lines, if the position of the ER depends upon the respective activation of each hemisphere, males and females are not expected to perform in the same way. The present findings do not confirm this expectation in showing that all subjects whatever their manual preference and gender deviated to the left of the objective middle. Similarly, although a parietal lesion has been first thought to disrupt the equilibrium underlying the position of the egocentric reference, resulting in massive deviation of pointing, toward the lesion side , several studies have been able to demonstrate that an unilateral parietal lesion is not necessarily associated to any deviation of the egocentric reference (Farne et al., 1998; Chokron & Bartolomeo, 1997 Hasselbach & Butter, 1997; Perenin, 1997; . Taken together, these findings and the present ones argue against a causal relationship between the respective activation of each hemisphere and the position of the ER. In the present task, both the hand used and the scanning direction of the motor exploration affected selectively the performance of normal dextrals. All subjects whatever their gender and handedness were found to deviate to the side of the hand used, thus confirming previous results when using the same protocol (Chokron & Imbert, 1995; Chokron & Bartolomeo, 1997; .
The starting position significantly affected the subjective sagittal position in all subjects but right-handed females with a tendency to deviate to the starting position side. In fact, the starting position is embedded in another factor, the scanning direction. Starting to the left corresponds to a left-to-right motor exploration whereas starting to the right corresponds to a right-to-left scanning direction. This effect of scanning direction on straight ahead pointing is consistent with previous results obtained in normal and right-brain damaged patients using the same protocol (Chokron & Imbert, 1995; . Moreover, this effect is similar to what has been observed when normal subjects bisect visually presented lines where the scanning direction is controlled. Whereas a leftto-right scanning direction induces a leftward deviation of the bisection, a right-to- left scanning of the to-be-bisected line induces a rightward deviation .
Both the hand used effect and the starting position effect can be interpreted in an attentional frame. Robertson and North (1992) and Marshall and Halligan (1996) have demonstrated that moving one hand in a given hemispace acts as a spatio-motor cue in line bisection and may induce in left neglect patients a deviation of the subjective middle to the side of the moving hand. In the present study, using a given hand and starting to the same side would act like a spatio-motor cue and in this way induce a deviation to the same side (see Fig. 1 ). On the other hand, these results could be interpreted in terms of hemispheric activation (Kinsbourne, 1970) . According to Kinsbourne (1970) , using the left hand and starting to the left may over-activate the right hemisphere, leading in turn to a leftward deviation (and vice-versa when the right hand is used with a right starting point), as what is observed in the present study. But, as mentioned above, the absence of effect of the subject's handedness and sex renders this hypothesis highly improbable. More experiments conducted on left-handed and right-handed normal and unilaterally brain-damaged subjects are needed to assess how the position of the egocentric reference is processed and maintained.
INTRODUCTION
Various cognitive deficits in schizophrenia have been attributed to a common underlying disturbance in context processing mechanisms (Cohen, Barch, Carter, & Servan-Schreiber, 1999) . A failure in the maintenance or application of context may disrupt semantic operations, yet semantic priming studies in schizophrenia have typically relied on word-pair paradigms which fail to reveal how contextual information may modulate priming effects and influence semantic processing. Lexical ambiguities provide an ideal avenue for investigating the functional architecture of language processing systems with respect to how and at what stage contextual information influences lexical activation. Furthermore, impaired ambiguity processing has been cited as a hallmark feature of language disturbances in schizophrenia, with a range of offline tasks showing aberrant patterns of lexical ambiguity resolution (see Salisbury, O'Donnell, McCarley, Nestor, & Shenton, 2000) . Yet semantic priming studies in schizophrenia have predominantly used nonambiguous words. In one exception, Bullen and Hemsley (1987) studied the processing of lexical ambiguities in a single word context using a visual recognition threshold task that revealed a more variable and reduced inhibition of contextually inappropriate meanings in individuals with schizophrenia. Unlike typical semantic priming studies, however, levels of meaning facilitation and inhibition were not derived from response latencies, and automatic and controlled/attentional aspects of lexical ambiguity processing were unable to be dissociated.
A recent study investigated automatic and controlled aspects of lexical ambiguity processing in individuals with nonthalamic subcortical lesions by using a lexical decision task with lexical ambiguities presented in auditory word triplets (Copland, Chenery, & Murdoch, 2000) . Individuals with nonthalamic subcortical lesions evidenced a selective impairment in controlled/attentional aspects of lexical ambiguity processing compared with matched controls. This finding is of particular relevance, given the proposal that frontal-subcortical disturbances may underlie certain cognitive deficits in schizophrenia (Pantelis & Brewer, 1996) . The present study utilized the same task to investigate whether individuals with schizophrenia experience difficulties in the automatic or controlled processing of lexical ambiguities in a single word context.
METHODS
Subjects
The schizophrenia group comprised 8 individuals (7 males, 1 female) with a diagnosis of schizophrenia which was confirmed with the OPCRIT diagnostic algorithm (McGuffin, Farmer, & Harvey, 1991) . The well control group consisted of 6 individuals (5 males, 1 female) matched for age and education. There was no significant difference between the schizophrenia group and the well control group in terms of age (F(1, 12) ϭ 0.037, p ϭ .851) and education (F(1, 12) ϭ 1.625, p ϭ .227).
Materials and Procedure
Twelve noun-noun lexical ambiguities with two independent meanings were selected. Four triplets were constructed for each ambiguity, representing four different conditions. The conditions were concordant (e.g., coin-bank-money), discordant (e.g., river-bank-money), neutral (e.g., day-bank-money), and unrelated (e.g., river-day-money). Each critical target was presented four times in a session (once for each condition) and the order of presentation for each triplet with the same target was counterbalanced to avoid repetition effects. Overall, 96 triplets (48 critical and 48 nonword) were presented. All stimuli were presented auditorily with an ISI of 100 ms in one session and 1250 ms in another session separated by approximately 1 week. Subjects made speeded lexical decisions on the third word in every triplet using a GO/NO GO response procedure.
RESULTS
Statistical analyses were conducted on the latencies for correct Yes responses after outliers (latencies Ͼ 2 SD from the mean for each subject per condition) were replaced with a Tukey's biweight mean estimator. The mean latency data for the control group and the schizophrenia group are presented in Table 1 as a function of prime condition and ISI. An initial 2 (group) ϫ 2 (ISI) ϫ 4 (prime condition) repeated measures ANOVA indicated a significant group ϫ ISI ϫ prime condition interaction, F(3, 10) ϭ 9.042, p ϭ .003.
The control group showed a significant main effect for prime condition at 100 msec ISI, F(3, 15) ϭ 18.616, p Ͻ .001. Planned pairwise comparisons indicated significant facilitation of the concordant and neutral conditions relative to the unrelated condition ( p Ͻ .05) and a marginal facilitation effect for the discordant condition compared to the unrelated baseline ( p ϭ .067). The concordant condition was significantly faster than all other conditions (p Ͻ .05) and the advantage for the neutral condition relative to the discordant condition was approaching significance (p ϭ .06). At 1250 ms ISI, the control group showed a main effect for priming condition, F(3, 15) ϭ 5.609, p ϭ .009. Pairwise comparisons indicated facilitation of the concordant condition relative to the unrelated condition (p Ͻ .05), and marginal facilitation effects for the neutral condition relative to the baseline (p ϭ .093) and the neutral condition compared to the discordant condition (p ϭ .08).
The schizophrenia group showed a significant main effect for priming condition at 100 ms ISI, F(3, 21) ϭ 5.438, p ϭ .006. Pairwise comparisons indicated significant facilitation of the concordant condition relative to both the unrelated baseline and the neutral and discordant conditions (p Ͻ .05). At 1250 ms ISI, there was a significant main effect for priming condition, F(3, 21) ϭ 4.476, p ϭ .014. Latencies for the concordant condition were significantly faster than the unrelated condition ( p Ͻ .05). There was also a facilitation effect approaching significance for the discordant condition relative to the unrelated condition ( p ϭ .05).
DISCUSSION
At the short ISI, control subjects showed facilitation of the concordant and neutral conditions, as well as the discordant condition to a lesser degree, indicating nonselective lexical activation. Levels of meaning facilitation did appear to be sensitive to context at this stage, however, as demonstrated by the advantage for the neutral condition relative to the discordant condition. The influence of context was further evidenced at the long ISI, where there was selective facilitation of the concordant condition. This pattern of results is consistent with previous findings in normals (Hagoort, 1993) , and suggests an initial stage of exhaustive but context-sensitive meaning activation followed by selective meaning facilitation.
Individuals with schizophrenia demonstrated selective facilitation of the concordant condition at the short ISI, which is consistent with selective lexical access directed by the preceding context word. The influence of context on lexical activation at this early stage may indicate an alteration in encapsulated automatic lexical access routines, however, it is not possible to fully determine the encapsulated or interactive nature of lexical processing with highly associated word contexts which may allow selective lexical access through intralexical mechanisms. Alternatively, this finding may reflect the meaning selection stage of ambiguity processing subsequent to exhaustive access, which may be witnessed due to slower response times in the schizophrenia group.
Contextual influence was not sustained, as concordant and discordant conditions were primed at the long ISI, suggesting that the context word was not influencing lexical activation at this later stage. More specifically, the activation of the discordant condition indicates an inability to inhibit meanings on the basis of contextual information in a sustained manner. Given the selective meaning facilitation witnessed at the short ISI, it appears that this breakdown in context-based meaning inhibition only occurs when attentional/controlled processing demands are increased over time.
The present findings further elucidate the nature of context processing disturbances in schizophrenia by demonstrating that such impairments disrupt specific attentionbased selection processes within the semantic network which are reliant upon the maintenance of linguistic context. Individuals with nonthalamic subcortical lesions showed a different pattern of impairment for controlled processing of lexical ambiguities (Copland et al., 2000) , suggesting the need to further consider the neural basis of such specific context processing impairments in schizophrenia.
INTRODUCTION
When a line is presented instantaneously in the field of view, one often experiences a sensation of motion propagating along the line as if it were being ''drawn'' rather than simply appearing all at once. This illusion has been variously dubbed the line motion effect or illusory line motion. A number of different factors have been shown to influence the manifestation of this illusion. For instance, if the line is presented adjacent to a marker, it appears as though the line propagates from the location of the marker (e.g., Hikosaka, Miyauchi, & Shimojo, 1993) . Hikosaka and colleagues (1993) offered a simple and compelling explanation for the line motion effect. When the line is presented next to a marker, they argue, visuospatial attention is drawn to the location of the marker. The deployment of visuospatial attention to the marker results in a spatial gradient of efficiency of visual processing, with efficiency greatest at the location of the marker and diminishing with distance (e.g., Laberge, 1983) . The end of the line that is closest to the marker will therefore be processed earlier than the other end, resulting in the illusion of motion.
Other authors have questioned whether this ''prior entry'' hypothesis can adequately account for the phenomenology of the line motion effect. They note that nonattentional properties such as color and contour contiguity can bias the direction of illusory line motion, and they argue that a purely attentional account of the phenomenon is thus inadequate (see e.g., Downing & Treisman, 1997; Faubert & von Grünau, 1995; Tse, Cavanagh, & Nakayama, 1998) . Downing and Treisman (1997) have suggested that the illusion is a special case of apparent motion. They argue that the visual system interprets the sudden appearance of the line next to the marker as a single object traveling in apparent motion so that the marker appears to elongate. Likewise, Tse, Cavanagh, and Nakayama (1998) also offer an account in which apparent motion is the key to understanding the illusion. They argue that line motion effect is an example of a class of phenomena that they call transformational apparent motion, in which a figure appears to grow or change shape during the motion, rather than simply changing position. Essentially, these apparent-motion based accounts argue for a high-level mechanism underlying the line motion effect, whereas Hikosaka et al. (1993) suggest that it arises in lowlevel visual processing.
It should be noted that the high-and low-level accounts that have been offered are not mutually exclusive. It is not unreasonable to posit that a low-level mechanism of the sort proposed by Hikosaka et al. (1993) is responsible for some instances of the illusion, but that high-level phenomena can also contribute. If this is the case, we might expect that these mechanisms would be represented differently in the two cerebral hemispheres. This, in turn, would lead us to predict that different instances of illusory line motion would be processed (and thus perceived) differently in the two hemispheres.
We tested this prediction in a callosotomy (or ''split-brain'') patient. This is a patient who underwent surgical resection of the entire length of the corpus callosum-the major fiber tract connecting the two cerebral hemispheres-for the relief of epilepsy. An important consequence of this procedure is that the hemispheres are effectively disconnected at the cortical level. This allows us to study the functions of each hemisphere in isolation. Previous work with callosotomy patients has shown that low-level visual processes tend to be bilaterally represented, whereas higher level processes are more likely to lateralize to one hemisphere or the other (e.g., Corballis, Fendrich, Shapley, & Gazzaniga, 1999; Fendrich & Gazzaniga, 1990; . In the case of the line motion effect we expect that any higher level process is likely to lateralize to the right hemisphere. Previous research has hinted that the perception of apparent motion may be stronger in the right hemisphere than in the left (Forster, Corballis, & Corballis, 1999) .
To investigate the line-motion effect in our patient we created a modified version in which the line appeared to move vertically between two markers that were lateralized to one visual hemifield. We manipulated two aspects of the stimulus display. First, one of the markers flashed briefly just prior to the presentation of the line. The idea was that the flash would draw visuospatial attention to that marker, biasing the direction of illusory motion away from its location. We also varied the widths of the line and the markers, so that on some trials the line matched the width of one marker but not the other line. We expected this to bias the direction of perceived motion away from the marker whose width matched the line.
METHODS
Observer
Our observer was the callosotomy patient J.W. He is a right-handed man who underwent two-stage resection of the corpus callosum in 1979. At the time of testing, J.W. was 47 years old. Details of his medical history and neurological status can be found in Gazzaniga, Nass, Reeves, and Roberts (1984) .
Apparatus and Stimuli
All stimuli were presented on an Apple Macintosh G3 personal computer using the Hypercard program (Apple Computer Inc., Cupertino, CA). The stimuli were all black presented against a white background. Each stimulus consisted of a vertical line with two endpoints, or markers. The line subtended 3.25°of visual angle vertically, and the horizontal width of the line and the markers varied among conditions. ''Narrow'' lines and markers were 0.75°across and ''wide'' lines and markers were 1.75°across. On half of the trials the top and bottom markers were of the same width (i.e., both narrow or both wide); on the remaining trials the top and bottom markers were of different widths. On any given trial the width of the line could also either be narrow or wide. Thus, on some trials the line and the markers were all of the same width. On other trials the line was a different width from both markers (i.e., the line was narrow and the markers were wide, or vice versa). On the remaining trials the line matched the width of either the top or bottom marker.
Procedure
We employed a version of the line motion effect in which the line appeared to move vertically between markers in either the left or right visual hemifield (see Fig.  1 ). This arrangement exploited the crossed organization of the visual system to ensure that lines presented to one visual hemifield were processed in the contralateral cerebral hemisphere. At the beginning of each trial, a central fixation cross appeared with a pair of markers in each visual field. The two markers were vertically aligned and separated by 3.25°of visual angle. The center point between the two markers was 3°from the fixation cross. After a one-second delay, one of the four markers was blanked for 80 ms and then reappeared for 80 ms, so that it appeared to flash. This was immediately followed by the line appearing for 160 ms in the same visual field as the flashing marker. In half of the trials, the line appeared in the left visual field (LVF) and in the other half, the line appeared in the right visual field (RVF). Half of the time the top marker flashed and half of the time the bottom marker flashed. At the end of each trial, the observer indicated with by pointing whether he perceived the line moving upward or downward. He responded with his left hand when the line appeared in the LVF and with his right hand when the line appeared in the RVF. This helped to ensure that the stimulated hemisphere generated the response. RESULTS J.W.'s responses were analyzed using a hierarchical χ 2 test (Winer, Brown & Michels, 1991) in which the factors were response (''up'' vs ''down''), FIELD (LVF vs RVF), FLASH (top vs bottom), and MARKER. MARKER was coded as follows: 1 ϭ top and bottom markers were the same width as the line; 2 ϭ top marker only was the same width as the line; 3 ϭ bottom marker only was the same width as the line; 4 ϭ neither marker was the same width as the line. This analysis was designed to reveal effects of FLASH, MARKER, and FIELD (and higher order contingencies) on RESPONSE. There was significant effect of flash on RESPONSE (χ 2 (1) ϭ 9.03, p Ͻ .05). This indicates that the location of the flash influenced the perceived direction of the line motion effect. When the flash occurred at the top of the display J.W. responded ''down'' on 43.4% of trials (112/256); when the flash occurred at the bottom on the display J.W. responded ''down'' on 30.5% of trials (78/256). This effect did not interact significantly with field (χ 2 (1) ϭ 0.50, ns) or with MARKER (χ 2 (3) ϭ 2.41, ns). The four-way contingency was also not significant (χ 2 (3) ϭ 4.81, ns). This lack of higher order contingencies indicates that the effect of flash location was independent of any other effects.
There was also a significant effect of MARKER on RESPONSE (χ 2 (3) ϭ 18.53, p Ͻ .0005). Because MARKER is a complex factor, the analysis was broken down into two simpler hierarchical χ 2 tests. First, we included only those trials in which the top and bottom markers were different. In this analysis we coded marker as follows: 1 ϭ top marker only was the same width as the line; 2 ϭ bottom marker only was the same width as the line. In this analysis, the effect of MARKER on RESPONSE was significant (χ 2 (1) ϭ 9.77, p Ͻ .005), as was the three-way contingency between FIELD, MARKER, and RESPONSE (χ 2 (1) ϭ 15.02, p Ͻ .0001). This three-way contingency is shown graphically in Fig. 2 . Inspection of this figure reveals that when the line appeared in the LVF, J.W. was likely to respond that he perceived motion away from the marker that was the same width as the line. When the line appeared in the RVF, J.W. was biased to report upward motion, regardless of which marker matched the width of the line.
In the second analysis, we included only those trials in which the top and bottom markers were the same width. We coded MARKER as follows; 1 ϭ top and bottom markers were the same width as the line; 2 ϭ neither marker was the same width as the line. In this case there was a significant effect of MARKER on RESPONSE (χ 2 (1) ϭ 5.64, p Ͻ .05), which also interacted with FIELD (χ 2 (1) ϭ 4.52, p Ͻ .05). These effects can be traced to a general bias to respond ''up,'' which was absent when the line appeared in the LVF and the two markers were the same width as the line. Because this effect was unexpected and does not bear critically on the hypotheses under investigation, it was not analyzed further.
DISCUSSION
We reasoned that the line-width manipulation would reveal any hemispheric differences in the strength of the putative high-level mechanism, while any effect of the flash could be attributed to lower-level phenomena. We found evidence for both highand low-level influences on the direction of illusory line motion. Flashing one of the markers biased the direction of motion away from that marker. This effect was similar in both hemispheres, and is consistent with the ''prior entry'' account of the line motion effect proposed by Hikosaka et al. (1993) . The effect of matching the width of the line with the width of one of the markers strongly biased the perception of motion when the line flashed in the left visual hemifield (i.e., to the right hemisphere), but had no influence when the line flashed in the right visual hemifield (left hemisphere). This suggests that the neural mechanism supporting this high-level motion processing (Tse et al, 1998 ) is lateralized to the right hemisphere.
This dissociation between low-and high-level perceptual phenomena is consistent with the idea that basic visual processes are bilaterally represented in the brain, while higher level visual processes tend to be lateralized to the right hemisphere. This result is reminiscent of our earlier work on the perception of Kanizsa squares, in which we found that low-level mechanisms supporting the perception of illusory contours were present in both hemispheres, but a higher-level ''perceptual grouping'' mechanism appeared to be biased toward the right hemisphere (Corballis, Fendrich, Shapley, & Gazzaniga, 1999) . The nature of the relationship, if any, between these two sets of observations is thus far unclear.
